A technique of combined minimally invasive coronary artery surgery and abdominal aneurysm repair is described. A mini-sternotomy and off-pump coronary artery bypasses to the left descending branch and right coronary arteries are conducted before abdominal aneurysm repair in a simultaneous operation. q
Introduction
Simultaneous coronary artery bypass grafting (CABG) and abdominal aneurysm repair is widely accepted to be characterized by a low mortality rate [1] . However, full median sternotomy and cardiopulmonary bypass are invasive to a patient undergoing such a combined operation, and this invasiveness may result in postoperative morbidity [2, 3] . We report the surgical technique of mini-sternotomy and off-pump CABG.
Patients and methods
Eleven patients who had abdominal aneurysm and coronary artery disease underwent a simultaneous operation using minimally invasive method at our institution between July 1999 and December 2000. There were ®ve cases of single vessel disease, ®ve cases of double vessel disease and one case of triple vessel disease (Table 1) . Off-pump CABG to the left anterior descending branch (LAD) and the right coronary artery (RCA) was conducted. Ten of the patients had abdominal aortic aneurysms, and one patient had a left common iliac aneurysm. Concomitant renal arterial reconstruction was conducted in one patient.
Surgical procedures
A median skin incision was conducted from the left second intercostal space to the xiphoid, and the reversed-J inferior sternotomy was made. We used the left internal mammary artery (LIMA) to the LAD, and the right gastroepiploic artery (RGEA) to the RCA. The LIMA was easily harvested using a mammary retractor. If we could not use the LIMA nor the RGEA, we chose a saphenous vein graft (SVG). The proximal anastomosis of a SVG was conducted on the axillary artery, because the ascending aorta could not be seen in the operative ®eld of vision. The axillary artery was prepared through the infraclavicular incision. We used a tissue stabilization system (Medtronic Octopus 2 or 2 1 ) in the coronary arterial anastomosis. After the coronary arterial revascularization, the skin incision was extended to the lower abdomen, and the abdominal aneurysm repair was conducted as usual. We used the intraoperative whole blood autotransfusion system during the off-pump CABG and abdominal aneurysm repair owing to the decreased need for homologous blood transfusions. Heparin was administered throughout the CABG and aortic grafting, and the active coagulation time was kept from 150 to 180 s.
Results
No hospital mortality has been reported to date. The mean operative time was 263^82 min. The mean total amount of intra-operative blood loss was 547^269 ml. Nine of the patients did not undergo homologous blood transfusion operations. Two patients suffered from preoperative anemia, and underwent operative homologous blood transfusions. Among the postoperative courses, one patient suffered from pneumonia (Table 2) . 
Discussion
One-stage surgery of the coronary artery and the abdominal aorta using cardiopulmonary bypass is a reasonable option. There have, however, been reports of substantial hospital morbidity [2, 3] . Some damaging effects of cardiopulmonary bypass have been reported [4] . Abnormal bleeding, cerebral complications and pulmonary dysfunction constitute the primary causes of mortality and morbidity following cardiopulmonary bypass, especially in a combined surgery. Currently, minimally invasive CABG has been introduced into cardiac surgery [5] . We propose the use of off-pump CABG can help protect the patient from the complications of cardiopulmonary bypass. On the other hand, the full median sternotomy and wide laparotomy constitute a source of severe postoperative pain and respiratory failure. Although we need a wide laparotomy for the grafting of an abdominal aneurysm, CABG can be performed using a mini-sternotomy under the off-pump technique. Mini-sternotomy is less traumatic for the thoracic wall [6] . The patients received most of the advantages of a minimally invasive technique in the postoperative period.
Other previous reports noted that the two-staged operation of CABG and abdominal aortic aneurysm repair had a high risk of aneurysm rupture during an interval of more than 2 weeks between the two operations [7, 8] . Recently, single and double vessel coronary disease have been found to be good indications of cathether intervention. Thus, if patients have an asymptomatic abdominal aortic aneurysm with the maximum diameter of less than 50 mm, the method of cathether intervention is conducted, and the aneurysm repair is after. If the maximum diameter of the abdominal aortic aneurysm is more than 50 mm, we conduct simultaneous CABG and abdominal aortic aneurysm repair.
Coronary bypasses to the left circum¯ex branch (LCX) can not performed by this technique. We have two options for the LCX. First, simultaneous CABG to the LAD and the RCA and abdominal aneurysm repair can be conducted using a minimally invasive technique. In the postoperative period, drug therapy or cathether intervention to the LCX is chosen. Second, if the LCX lesions are severe, we conduct the simultaneous operation using full median sternotomy and off-pump or on-pump CABG. In this study, there were four patients who had LCX lesions. All of them had been chosen for the drug control, and had exhibited no chest pain attacks or heart failure.
In conclusion, the method of mini-sternotomy and offpump CABG is one of useful technique in patients undergoing simultaneous CABG and abdominal aneurysm repair.
